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FLIGHT CHARACTERISTICS AT LOW SPEED OF mELmA-WINGMMODELS

By Marion O. McKinney, Jr., and Hubert M. Drake
SUMMARY

An exploratory investigation to obtain a survey of the flying
characteristics at low speeds of models with low—aspect—ratio delta
wings has been conducted 1In the Langley free—flight tunnel. Four
models having triangular plan—form wings with 53°, 63°, 760,
83° sweepback and five models having these same wings with the tips
cut off vo give taper ratios of 0.5 or 0.2 were used in this
investigation.

It was found tha+ the stability and control characteristics of
the models with 53° or 63° sweepback and aspect ratios of 2 or 3
were falirly good. The power—off glide angles, however, were very
steep at high lift coefficlents. The flight characteristics of the
models with 76” or 83° sweepback or aspect ratios of 1 or less were
unsatisfactory because of unstable rolling oscillations at high 1lift
coefficlents or because of excesslve changes in static longitudinal
stabllity over the 1lift range.

INTRODUCTION

Recent research has Indicated that increases in sweepback will
increase the critical speed of a wing and theredby increase the speed
at which compressibility efrfects may cause a pronounced drag rise or
stability troubles. Below the speeds at which compressibility effects
occur, however, the use of sweepback has Introduced new stability
problems In the high lift-coefficient range. It has been shown in
references 1 and 2 that, in order to have satisfactory longitudinal
stability at high lift coefficients with a sweptback wing, it is
necessary to have low aspect ratlo, but the low—aspect-ratio sweptback
wings generally have high effective dilhedral at high lift coefficlients
and are thus subject to poor Dutch roll stability. An investigation
of the low—speed aerodynamlc characteristics of low-aspect-ratio wings,
reference 3, indicated that some delta wings (wings having roughly
triangular plan form with a sweptback leading edge and straight
tralling edge) might have fairly good low—speed stability charac—
teristica. Some unpublished results on measurements of the drag of
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small models at supersonic speeds have indicated that the drag of delta
wings might be lower than that of constant—chord sweptback wirigs for
sweep angles less than 65°. The delta wing also seems to have some
structural advantage over the constant—chord sweptback wing. In
general, therefore, delta wings seem to deserve some consideration

for use on high-speed airplanes.

Although the static stability characteristics of the delta wings
presented in reference 3 indicated that some of the wings might have
reasonably good flight behavior, the damping-in—roll derivatives were
out of the normal range and some of the other stability derivatives
were not known. Hence accurate estimates of the flight behavior could
not be made. An investigation has been made in the Langley free—flight
tunnel, therefore, to study the flying characterlistics of some models
with low-aspect-ratio delta wings. This investigation was of an
exploratory nature and was intended only to provide a preliminary survey
of the flying characteristics of delta wings over a range of sweep
angles to determine whether a detail study of delta wings is Justified.

Four triangular wings having a range of sweep angles between 53°
and 83° were tested, and each of these wings was also tested with the
wing tips cut off to give a taper ratio of 0.5. The 53° swept wing
was also tested with a taper ratio of 0.2, Inasmuch as these tests
were exploratory, the models were tested as simple flylng wings with a
vertical tail but with no horizontal tail or fuselage.

SYMBOLS
w welght of model, pounds
S wing area, square feet
St vertical tail area, square feet
b wing span, feet
c wing mean aerodynamic chord, feet
v airspeed, feet per second
q dynamic pressure, pounds per sguare foot (—21-0V2>

A aspect ratio 5
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. sweepback of leading edge, degrees

taper ratio

Tip chord
Root chord

radius of gyration of model about principal longlitudinal
axis of inertila, feet

radius of gyration of model about principal lateral axis
of inertia, feet

radius of gyration of model about principal normal axis
of inertia, feet

rolling angular velocity, radians per second
mass density of air, slug per cubic foot
angle of attack, degrees

angle of sideslip, degrees

elevon deflection, degrees, subscripts r and 1 denote
right and left elevon deflection, respectively '

inclination of principal longitudinal axis of 1lnertia
relative to longitudinal body axis, degrees, positive
when forward end of principal axis is above longitudinal
body axis

11ft coefficient I-'lé'ﬁi)
q

drag coefficient (D;gé)

ateral forcé)

lateral—force coefficient (i S

pitching—moment coefficient (P“Ching mmnt)

QST

rolling-moment coefficient <R°llin8 momenﬁ)

qShb

Yawing moment
yawing—moment coefficient aSb
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Cr maximum 1ift coefficient
ACI change of rolling-moment coefficient produced by elevons
a as aillerons
ACH change of yawing—-moment coefficient produced by elevons
2 as allerons
CYB rate of change of lateral-— force coefficient with angle of
aC
sideslip in degrees SEZ
Cl rate of change of rolling-moment coefficient with angle of
a: .
B sideslip in degrees (SB—I-
CnB rate of change of yawing—moment coefficient with angle of
sideslip in degrees BB
Cz rate of change of rolling-moment coefficient with rolling

velocity factor in radians
(av)

APPARATUS AND TESTS

The present investigation consisted of tests in the Langley free-—
flight tunnel, which is described in reference 4, to determine the
stability and control characteristics of each of the nine models shown
in figures 1 to 9. The models were simple flying—wing models with a
vertical tail at the trailing edge of the wing but with no fuselage or
horizontal tail. The airfoil used on the wings was a flat~plate type,

a sketch of which is shown in figure 10. This airfoll was used because
it was simple to build and because, at low scals, the aerodynamic ,
characteristics of delta wings have been found to be virtually independ-
ent of the airfoil section. This characteristic was indicated by
comparison of the delta-wing data from reference 3 with some unpublished
German data on a similar series of delta wings with NACA 0012 profiles
and with soms unpublished data on a 60° sweptback delta wing with an
NACA 0015-64 airfoil.

The control surfaces were constant—chord plain flaps at the
trailing edge of the wing. These surfaces were of the type generally
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called elevons; that is, the two surfaces were deflected up and down
together to serve as elevators and were deflected differentially to
serve as allerons.

The vertical talils used on the models varied in size but were
geometrically similar having an aspect ratio of 2, taper ratio of 0.5,
and no sweep of the 0.5 chord 1line. The vertical tall arrangements
used on each of the models are 1llustrated in figures 1 to 9. These
arrangements consisted of a single talil in the plane of symmetry on
all of the models except model 2. This model was the first one tested
and used a single tall in the plane of symmetry or two of these tails
at the wing tips which doubled the tall area. Model 2 was the only
one equipped with a movable rudder.

Inasmich as the present investigation was of an exploratory nature
and there was no precedent to indicate what mass characteristics the
models should have, the models were simply ballastsed to obtain elither
of the two center—of—gravity positions which were used during the tests.
No attempt to adjust the weight or moments of inertia was made. The
mass characteristics of the models, gliven in figures 1 to 9, were
measured when the models were ballasted for the rearward of the two
center—of-gravity positions which were used during the tests. This
rearward center-of—gravity position is shown on the figures. '

Photographs of two of the models flying in the test section of
the Langley free—flight tunnel are shown as figure 11.

Each of the models was flight—tested over as wide a range of
11ift coefficient as possible with two center—of-gravity positions and
with various vertical tall arrangements in order to determine quali-
tatively the stability and control characteristice and the general
flight behavior. General flight behavior is the term used to describe
the over—all flying characteristics of a model and indicates the ease
with which the model can be flown, both for straight and level flight
and for performance of the mild maneuvers possible in the Langley
free—flight tunnel. Any abnormal characteristics of the model are
generally Judged as unsatisfactory general flight behavior, inasmuch
as they are disconcerting to the free-flight—tunnel pilots.: In
effect, then, the general flight behavior is much the same as the
pilot's opinion or "feel" of an airplane and indicates whether
stability and controllability are properly proportioned.

All the flight tests were made in power—off gliding flight.
The range of 1ift coefficlent which could be covered in flight tests
was limited by the maximum speed of the tunnel which determined the
lowest possible 1lift coefficient. The highest 1ift coefficient was
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determined by the stall, by maximum glide angle of the tunnel, or by
poor flying characteristics. The two center—of-gravity positions
corresponded to approximately 0.05 ani 0.10 static margin at moderate
1lift coefficients (Cl’z 0.6).

Force tests of each of the models were made to determine the
“static stability and control charecteristics over the entire speed
range. All of the forces and moments were measured with reference to
the stebility axes which are shown in figure 12 and to the rearward
center—of—gravity positions which are shown in figures 1 to 9. The
values of the stabllity derivatives CYB’ CzB, and CnB were

determined from force tests made at angles of yaw of 59 and —50.

All the force tests were made at a dynamic pressure of 3.C pounds per
square foot which gave values of Reynolds number from 402,000

to 1,156,000 based on the mean aerodynamic chords of the wings.

Tests were made to determine the damping—in-roll parameter C,

for models L and 5 by the method described in reference 5. The
values of Clp for the other models were available and were taken

from reference 3.

RESULTS AND DISCUSSICN

Interpretation of Results

The results of the force tests of soms of the wings tested have
been compared with some unpublished data on a delta wing having
60° sweepback which was tested in the Langley full—scale tunnel.
The full-scale wing had a sharp leading edge which tended to produce
the same type of flow as that encountered at low scale. Good agree—
ment was obtained between the 1ift, drag, and static stablility
charecteristics of the low-scale models and the full-scale wing with
a sharp leading edge. The results of the present low-scale flight
tests of delta wings, therefore, should give a fairly good Indication
of the flight characteristics to be expected of full—scale delta
wings heving sharp leading edges and similar mass characteristics.
The sharp leading edge on the full-scale wing, incidentally, gave
higher maximm lift velues than were obtained with & round leading
edge. Thus it appears thet the free—flight—tunnel models simulate
the more practical case.

The effects of cheanges in the mass characteristics on the
flying characteristics of these delta-wing models were not determined.
Some unpublished data from free-—flight-tunnel tests of heavier
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delta-wing models have indicated that increases in wing loading of
two times and increases in moments of inertia of about four times do
not have an appreciable effect on flylng cheracterlstics.

Presentation of Results

The results of the force tests and damping—in-roll tests of the
nine models are presented in figures 1 to 9 where all of the measured
aerodynamic characteristics of e model are presented in the same
figure. These figures are placed in the body of the paper along
with the results and discussion so thet the complete results (force
and flight) for each model may be presented together. The results of
the tests are also summarized briefly in table I in order to facili-
tate a comparison of the models. This type of presentation has been
used because 1t appeared that the tests did not cover enough configu—
rations to Justify many general concluslons regarding the effects of
sweep and aspect ratio on the flying charecteristics of delta wings.
Inasmuch as the tests were made with such simplified models, it does
not appear that predictions of the flying characteristics of full—
scale delta-wing airplanes are Justified at the present time. No
attempt has been made, therefore, to interpret the model results in
terms of full-scale cheracteristics.
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Figure l.- Aerodynamic characteristics of model 1.
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Model 1

longitudinal stability and control.— The longitudinsl stability and control
characteristics of the model, with either center-of-—gravity position, were fairly
good over the speed range covered in the flight tests (CL = 0.20 to 0.81). The*

model was not flown at the stall; however, the force tests indicated that the
longitudinal stability at the stall would be satisfactory. There was, however,
some difficulty in esteblishing trim conditions and flying the models in the
free—flight tunnel. This difficulty mey be due in part to unsteadiness of the
flow over the wing. Smoke—flow tests on a delta wing in the Latigley full—scale
tunnel have shown that the alr going over the wing separates from the surface at
the leading edge of the wing and forms two large vortices which rotate downward

at the center of the model and upwerd at the wing tips. This same type of flow
was observed in flight tests of one of the free—flight—tunnel models with streamers
of string attached to the upper surface of the wing.

The principal cause of the difficulty in flying this model, however, was
apparently the large variation of drag with 1ift which is generally a character—
istic of low-aspect-ratio swept wings and is shown by the force—test results.
This large variation of drag with lift caused large variations of glide angle
with 1ift coefficlent since the trim glide angle is a functlon of the drag-1ift
ratio. The minimum glide angle occurred at a falrly low 1lift coefficient
(CL = 0.3) for the model instead of near the stall as with conventional models.

The response of the model to the elevator control was normel when the model was
trimmed to fly at 1lift coefficients below that corresponding to the minimum glide
angle. That is, deflecting the elevator downward increased the glide angle end
deflecting the elevator upward decreased the glide angle. When the model was
trimmed to fly at 1lift coefficients above that corresponding to the minimum
glide angle, however, the response of the model to the elevator was not normal.
Deflecting the elevator downward caused the glide angle to become steeper for a
short time until the speed of the model increased and approached the new trim
speed. The glide angle then became flatter as the model approached the new trim
condition. The opposite dynamic behavior followed en upward elevator deflection;
that is, the glide angle at first was flatter and then became steeper as the new
trim condition was approached.

Lateral stability and control.— The lateral stability and control character—
‘'istics of the model were good over the speed range covered in the flight tests.
The force tests indicate that the effective dihedral as measured by the
parameter —ClB was slightly negative at the stall. The model was not flown at

the stall but experience with conventional models (reference 6) has indicated
that a small amount of negative effective dihedral 1s not particularly
obJectionable.

General flight behavior.— The general flight behavior of the model was
fairly good. The only difficulty which was encountered was caused by the unusual
effect of elevator control on glide angle which previously has been described.
At times this characteristic was very troublesome to the pilot because of the
difficulty it caused In determining which direction to move the elevator to cause
the model to move up or down within the tunnel. A brief deflectlon of the elevator
caused one effect whereas holding that deflection caused the opposite effect. The
significance of this response to the elevator for the pilot of the full-scale
airplane has not been definitely determined, but NACA pilots believed that this
behavior would be obJectionable. . v

With no vertical tall, the model could be flown at high 1lift coefficients
although the general flight behavior was poor because of insufficient directional
stability. At low lift coefficients without a vertical tall, however, the
directional stabllity was so low that no flights were possible.
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Model 2

Iongitudinal stability and control.— The longitudinal stability and control
characteristics of the model, with either center—of avity position, were falrly
good over the entire speed range (CL7= 0.15 to 0.84). The same objJectionable =

variation of glide angle with 1ift coefficient was encountered, however, as was
encountered with model 1. These characteristics are discussed in detail for
model 1.

When the center of gravity was in the rearward position,a maximum 1ift
coefficient of 0.84 was obtained with —9° elevon deflection. Increasing the
upward elevon deflection sbove —-9° resulted in a decrease in 1ift coefficient
until the stall wae reached with —32° elevon deflection. This unusual behavior
is indicated by the pitching—moment curves from the force tests and is a
characteristic of the tallless configuration which was tested. The longltudinal
stabllity of the model at the stall was consldered satisfactory.

Lateral stability and control.— The lateral stability of the model, with
either vertical tail arrangement, was good over the entire speed range and
apparently increased with increasing lift coefficient. The directional insta-—
bility at the stall shown by the force tests for the configuration with the
small tail was not encountered in the flight tests. Apparently deflecting the
elevons upward for longitudinal trim caused an increase in the directional
stability at the stall.

. The lateral control characteristics of the model were good over the speed
range between 1ift coefficients of 0.15 and 0.84 when the elevons alone were
used for control. As the elevon angle was increased above that required for
maximum 1ift, however, the effectiveness of the elevons in controlling the model
was reduced until at the stall the elevons were virtually ineffective. When the
rudder was used as the sole lateral control,the model could be flown at low and
moderate 1lift coefficients but could not be flown at high 1lift coefficients
because there was insufficient dihedral effect to roll the model. The force
tests show this drop in effective dihedral at high 1ift coefficlents.

The flying characteristics of this model indicated that it was unnecessary
to use the rudder when the elevons were used to roll the delta—wlng model because
there was no apparent adverse yawing in a roll with the elevons alone. This
characteristic may be attributed to the favorable yawing moment due to elevon
deflection at low 1ift coefficients shown by the force tests and to favorable
yawing moments due to rolling at high 1ift coefficients. It is shown in
reference 7 that highly swept wings have favorable yawing moments due to
rolling at moderate and high 1ift coefficients. '

General flight behavior.— The general flight behavior of the model was
fairly good with either center-—of-gravity position or vertical tail arrangement.
The unusual variation of glide angle with 1lift coefficient caused the same
difficulty that was experienced with model 1.

The reduction in the rolling effectiveness of the elevons with increasing
angles of attack above that required for maximum 1ift was partially compensated
by the increase in lateral stability, so that the model could be flown steadily
although it was not very maneuverable. The model could not be flown at the
stall, however, because the elevons were virtually ineffective for rolling the
model so that the mild roll off at the stall could not be controlled.

With no vertical tail the model could be flown satisfactorily at high
lifts, but at low 1lift coefficients the general flight behavior was unsatisfactory
for the tail—off configuration because of insufficient directional stability.
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Model 3

Iongitudinal stability and control.— The longitudinal stability and control
characteristics of the model were unsatisfactory because of an excessive
variation of static longitudinal stability with 1ift coefficient. This
variation 1s indicated by the pitching-moment data from the force tests which
show a change in static margin de/dCL of about 0.2 over the range of 1lift

coefficient. When the center of gravity of the model was in the rearward
position the longitudinal stability was unsatisfactory at low 1lift coefficlents
because of low static longitudinal stability. The static longitudinal stability
increased with increasing 1ift coefficient, however, and the.longitudinal.
stability was satisfactory at moderate and high 1ift coefficients. When the
center of gravity was in the forward position the model had sufficient static
longitudinal stability at low 1ift coefficlents, but because of the increase

in static stabllity with increasing 1ift coefficient, the elevons -could not

trim out the large pltching moments at high 1ift coefficients and could not

trim the model to 1lift coefficients above a value of about 0.75.

In addition to these longitudinal stabillty and control troubles the
variation of glide angle with 1lift coefficient caused the same difficulties
as were encountered with model 1. These difficulties are discussed in detall
for model 1. .

The model was not flown at the stall, but the force—test data indicate
that it was statically stable at the stall.

Lateral stabllity and control.-— The model, with either vertical tall,
had good lateral stability over the speed range covered in the flight tests
(CL = 0.21 to 0.83), and the stability of the lateral oscillations appeared

to increase with increasing 11ft coefficient.

The lateral control characteristics were good at 1ift coefficients below
a value of 0.70. At higher 1lift coefficients, however, the response of the
model to the controls was weak. This weakness might be attributed partly to
the large adverse yawing moments (fig. 3) caused by the short—span, wide—chord
elevons used on this model., The adverse yawing due to elsvons and the high
effective dihedral of this model evidently caused large rolling moments which
opposed the elevon rolling moments at high 1ift coefficlents and thus reduced
the rolling effectiveness of the elevons.

General flight behavior.— The general flight behavior of the model was
unsatisfactory because of the excesslve varlation of statlic longitudinal
stability with 1ift coefficient. This variation caused the model to have
unsatisfactory longitudinal stabllity at low 1ift coefficients when the
center of gravity was in the rearward position or caused the elevons to be
inadequate for trimming to high 1ift coefficients when the center of gravity
was in the forward position. Although soms Intermedlate center of gravity
might give satisfactory flight behavior over the entire speed range, this
plan form does not seem to be practical for tallless airplanes because of the
limited allowable center—of-gravity movement,

The lateral flight behavior was good at 1ift coefficients below 0.70 but
was only fair at higher 1ift coefficlents because of the decrease in the
effectiveness of the lateral controls.
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Model bk

Longitudinal stability and control.— The longitudinal stability
and control characteristicas of the model, with either center—of—gravity
position, were found to be falrly good over the entire speed range
(CL = 0.10 to 1.06). The only undesirable longltudinal characteristic

was the unususal response of the model glide angle to elevator
deflection. This characteristic has been discussed in detail for
model 1 which had the same type of behavior. Model 4 was flown at
the stall, and its longltudinal stability and control characteristics
in this condition were considered fairly satisfactory lnasmuch as the
model was stable and recoveries could generally be made from the
stalled condition by means of the elevons.

Lateral stability and control.— Ths lateral steblllity of the
model, with elther vertical tall, was falrly good over the entire
gspeed range. Although there was a noticeable reduction in stability
with tncreasing 1ift coefficlent, the lateral stability appeared to
be satisfactory for the controls—fixed case. At times, bowsver, when
there was play in the elevon control system, a small—amplitude, steady
rolling oscillation was evident at 1ift coefficients above a value of
about 0.70.

The lateral control characteristice of the model were good at
1ift coefficients below a valus of 0.75. At higher 1lift coefficients,
however, there was noticeable decrease in the effectiveness of the
controls as the 1lift coefficient was Increased. At the stall ths
effectiveness of the elevons for rolling the model was too low to
be satisfactory.

General flight behavior.— The general flight behavior of the
model was falirly good. In splite of the fact that the lateral
stability anil control effectiveness decreased with increasing 1ift
coefficient, the model was easy to fly at high 1lift coefficients.

It was quite steady at high lift coefficients although 1t was not

a8 maneuverable as might have been desired. There were two objsction—
able points about the fllight behavior, howsver, which should be
pointed out. Tne unusual response of the model glide angle to
elevator deflection caused some difficulty, and the low rolling
effectiveness of thselevons at the stall was definitely obJectionable
because the model could not always be controlled in a stall although
the roll—off was very siow.

The general flight bshavior of the model was poor when 1t was
flown without a vertical taill because of high iihedral effect ani
low directional stability. Tnis combination of factors caused
excesslve yawing so that the rolling moments dus to sideslip often
overpowered those due to the elevons.
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NACA RM No. LTKOT 17

Model 5

Longitudinal stability and control.— The longitudinal stability and control
characteristicse of the model were unsatlsfactory because of excessive changes
in static stability. This same difficulty was encountered with model 3 and is -
discussed in detail for that model. In addition to this longitudinal stability
and control trouble, the unusual variation of glide angls with lift coefficient
caused the same difficulties as were encountered with model 1. These 4diffi-
culties are discussed in detail for model 1. Model 5 was not flown at the
stall, but the force—test data indicated that the static longitudinal stability
at the stall was satisfactory.

Lateral stabllity and control.— The model, with either vertical tail, had
good lateral stability at 1ift coefficlents below C.75 but a constant—amplitude
lateral oscillation was evident at 1ift coefficients above 0.75. The amplitude
of this oscillation appeared to increase with increasing 1ift coefficient to
an amplitude of about +10° bank at a 1ift coefficient of 1.00. These lateral
oscillations appeared to be almost pure rolling oscillations with no evident
yawing. The motion, however, was probably the familiar Dutch-roll oscillation
with the rolling predominating in this case because of the relatively large
values of effective dihedral and small values of rolling moments of inertia
and the damping-in-roll parameter Clp' This combination of factors tends to

cause large rolling motions, and the relatively large values of yawing moments
of inertia and directional stability tend to suppress the yawing motion. The
1lift coefficient at which the rolling oscillation became unstable was approxi-
mately the same as the 1ift coefficient at which the damping in roll Czp

became unstable (see fig. 5). Thus it appears that the constant—amplitude
rolling oscillations and subsequent rolling instability were caused primarily
by small or unstable values of damping in roll.

" The lateral control characteristics of the model were good over the speed
range covered in the flight tests (C = 0.21 to 1.00). There was, however, a
noticeable reduction in the rolling e%factiveness of the elevons with increasing
1ift coefficient above a value of 0.75. This reduction in elevon effectiveness
was evidently caused by the adverse yawing moments due to elevon deflection
(shown in fig. 5) which caused appreciable rolling moments due to sideslip
to oppose the elevon rolling moments.

General flight behavior.— The general flight behavlior of the model was
unsatisfactory for several reasons. The variation of static longitudinal
stability with 1lift coefficient caused the model to have unsatisfactory longl-
tudinal stability at low 1ift coefficients when the center of gravity was in
the rearward position, or caused large pitching moments at high 1ift coeffi-
cients which could not be trimmed out by the elsvons when the center of gravity
was in the forward position. The unusual response of the model glide angle to
elevator deflection was obJectionable. The constant—amplitude rolling oscil-
lation at 1ift coefficients above a value of 0.75 was definitely obJjectionable.
The model responded to the controls, however, and could be flown within the
confines of the tunnel in spite of the fact that the pilot could not stop the
rolling oscillation. The constant—amplitude, high—frequency rolling
oscillation was superimposed on the motions due to the controls.
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Model 6

longitudinal stability and control.— The longitudinal stability
and control characteristics of the model, with either center-of-gravity
position, were fairly good over the speed range covered in the flight
tests (CL = 0.23 to 0.50). The same difficulties in establishing

trim conditions and flying the model were encountered as were
encountered with model 1. The model was not flown at the stall, but
the force—test data show static longitudinal instability at the stall.

. Lateral stability and control.— The model had fair lateral
stability at 1ift coefficients below 0.32 with either vertical tall.
A constant—amplitude rolling oscillation similar to that obtained
with model 5 was encountered at 1ift coefficients between 0.32
and 0.50. At 1lift coefficients above 0.50 the rolling oscillations
were unstable and increased in amplitude until the model rolled
completely over.

The lateral control characteristics of the model were good over
the speed range covered in the flight tests.

General flight behavior.— The general flight behavior of the
model was falr at lift coefficients below 0.32 with either vertical
tail. At higher 1ift coefficients the general flight behavior was
poor. The model could not be flown at 1lift coefficients above 0.50
because of the unstable rolling oscillation which caused thes model
to roll completely over out of control. The model could not be
flown without a vertical tail in spite of the fact that ths force
tests showed a falir amount of dlrectional stablility. The effective
dihedral was high in proportion to the directional stability and the
damping in roll was low. Because of this combination of factors,
the model would roll off rapidly when it yawed, and the rolling
moment due to the sldeslip generally overpowered that due to the
elevons so that the model could not be controlled.
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Model 7

Longltudinal stability and control.— The longitudinal stability
and control characteristics of the model, with either center—of-gravity
position, were good over the speed range covered in the flight tests
(CL = 0.12 to 0.28). This model was not flown at the stall, but the

force—test data indicate static longitudinal instability at the stall.

Lateral stability and control.— The model had falr lateral
stability at 1lift coefficients below 0.18 with either vertical tail.
A constant—amplitude rolling oscillation similar to that described
on model 5 was encountered at 1ift coefficients between 0.18
and 0.28. At 1lift coefficients above 0.28 the rolling oscillations
were unstable as on model 6.

The lateral control characteristics were good at 1ift coefficlents
below 0.24. At higher 1ift coefficients the lateral control became
weak.

General flight behavior.— The general flight bshavior of the
model was fair at 1ift coefficient below 0.18 with either vertical
tail. At higher 1lift coefficients the general flight behavior was
poor. The model could not be flown at 1ift coefficients above 0.28
because of the unstable rolling oscillation. The model could not be
flown without a vertical tall because of insufficlient directional
stability.
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Model 8

Longitudinal stability and control.— The longitudinal stability
and control characteristics of the model, with either center—of—gravity
position, were good over the speed range covered in the flight tests
(CL = 0.07 to 0.283. This model was not flown at the stall, but the

force—test data indicate static longitudinal instability at the stall.

Lateral stability and control.— The model had falr lateral
stability at 11ft coefficients below 0.18. A constant—amplitude
rolling oscillation similar to that of model 5 was encountered at
higher 1ift coefficients between 0.18 and 0.28. At 1lift coefficients
above 0.28 the rolling oscillations were unstable as on model 6.

The lateral control characteristics were good at 1lift
coefficients below 0.24. At higher 1ift coefficients the lateral
control became weak,

General flight behavior.— The general flight behavior of the
model was falr at 1ift coefficients below 0.18. At higher 1lift
coefficients the general flight behavior was poor. The model could
not be flown at lift coefficients above 0.28 because the rolling
oscillation was unstable.



NACA RM No. LTKOT

2L

14 16

2

10

3

4 69 .8

o 2

4 e

e

10

Figure 9.- Aerodynamic oharacteristics of model 9.

8 .8

4

2

LR
ﬁ_uu i .o~ F I3
wlS Xk =
Swn Seey FEoo
PPN XN |
S $50 5 |
> V14
J , — % \c © 9 N S o0
e =% — 33°° /)
Wie TN N | el | L
T w0V H TO<< ™K < [T
a iptin! /) N £
™ 1 e S~
_ Py /)O/p) E/. _U/.
. " m > - L SPAay
nﬁ R BRI T U ST SO S
~ o 1aflo busy pup Yoy .
? , |
Roo
v g
15 A
u/ S ﬁ
. o oo
N |
H 188
| B €3, - >~
y Q 1 _ HpU]MHH/ ) o VUL
. B o m\ : CN\ : xm%«\\\ . pd
1 1 (| et T4 | [ § o]
~ 9 ¥ © %y 9 woo@ewwwww.wmowmmwwvw
e ) 0 0 d ‘1 e d 4 3 Q ) v f
@ 0o puo 79 % > oL ¥o-

o



NACA RM No. L7KO7 25

Model 9

longitudinal stability and control.— The longitudinal stability
and control characteristics of the model, with either center—of—gravity
position, were good over the speed range covered in the flight tests
(CL = 0.12 to 0.20). This model was not flown at the stall, but the

force—test data indicate static longitudinal instabllity at the stall.

Lateral stability and control.— The model was laterally stable
at 1lift coefficients below 0.17. A constant—amplitude rolling
oscillation similar to that obtalned with model 5 was encountered at
1ift coefficients between 0.17 and 0.20. At lift coefficients
above 0.20 the rolling oscillations were unstable as on model 6.

The lateral control characteristics were good over the speed
range covered in the flight tests.

General flight behavior.— The general flight behavior of the
model was poor at 1lift coefficients below 0.20. The model rolled
80 rapidly as a result of external disturbances that it was almost
unflyable. At 1lift coefficients above a value of 0.20 the modsl
became unflyable because of the unstable high-frequency rolling
oscillation.
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SUMMARY OF RESULTS

Models 1, 2, and 4 had very similar flying characteristics.
Models 1 and 2 had 53° sweepback and aspect ratios of 3 and 2,
respectively, whereas model L had 63° sweepback and an aspect ratio
of 2. The general flight behavior of these models was fairly good
and compared favorably with that of good conventional models except
for an unusual response of the model glide angle to elevator
deflection. This characteristic, which is described in detail for
model 1, was obJectionable to the free—flight—tunnel pilot although
the models could be flown fairly easily once the trim conditions of
airspeed and glide angle were established. NACA airplane test
pilots have expressed an opinion that this unusual response to the
elevator control would be objectionable to the pilot of a full-scale
airplane.

The power—off glide angles of these models was very steep
(avout 30° at the stall) at high 1ift coefficients because of the
sweepback and low aspect ratio of the models. These steep power—off
glide angles, and consequent high sinking speeds, would probably
constitute & major hazard. :

Models 3 and 5, which had 53° and 63° sweepback and aspect
ratios of 1 and 2/3, respectively, had similar unsatisfactory longi-
tudinal stability and control characteristics which were caused by an
excessive change in static longitudinal stability over the speed range.

Models 5 to 9 had unsatisfactory flight behavior because of
high~frequency, constant—emplitude, or unstable rolling oscillations
at high 1ift coefficients. In addition to the poor lateral stability
characteristics, models 6 to 9, which had sweepback angles of T6°
and 83° and aspect ratios between 1 and 1/6, had static longitudinal
instabllity at the stall.

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Fileld, Va.
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TABLE I.- SUMMARY OF STABILITY AND CONTROL CHARACTERISTICS OF THE MODELS

3

. Range | Cy
Plan form of Cp, o Longitudinal Lateral
floon | 5 = O characteristiocs characteristios

° Good at speeds covered in Good at speeds covered in
53 0.20 flight tests., Force tests flight tests. PForce tests
3.00 to 0.97 indicate stability at the indicate good behavior up
0 0.81 stall to the stall

N N
| J1pt}

53
2.00 to

0,2 0.84

0.15 1.00 Good over entire speed range Good over entire speed range

e

wne

1.00 to stability over the speed flight tests. Control weak
0.5 0.83 range at 1ift coefficients above
0,70

>N

63° 0.10 1.7 Good over entire speed range Good over entire speed range
20(” to

TN

(LRI} ]

63 0.2 Unsatisfactory because of Good at 1lift coeffiocients
0.67 to 1.45 large change in static below 0.75. Steady rolling
0.5 1.00 stability over the speed osoillation at lower speeds.
range Control weak at 1ift eoeffi-
eients above 0,75,

(PN

Good at speeds covered in Fair at 1ift coefficients
fiight tests. TForce tests below 0.32. Steady rollimg
76° 0.23 | 1,13 show instability at the stall oscillation at lower speeds.

Unsatisfactory becsuse of Stability characteristics
53° 0. 1.35 large change in static good at speeds covered in

A=
Az1,00 to Unflysble at 11ft coeffi-
230 0.50 cients above 0,50
A
Fair at 1ift coefficients
° Good at speeds covered in below 0,18, Steady rolling
A=7 0.12 1,00 flight tests. Yoroe tests oscillation at lower speeds.
Az 0,33 to show instability at the stall Unflyable at 1ift coeffi-
A= 0.5 0.28 cients above 0.28
Good at speeds covered in Fair at 1ift coefficients
flight tests. Force tests below 0.18. Stesdy rollinmg

A ° . . oseillation at lower speeds.
s 83 0.07 0.88 show iﬂhb’.llty at the stall Unflysble at 117t e ot

:\; 8.50 ofom cients above 0.28
Good at speeds covered in Poor at 1ift coefficients
flight tests. Fcroe tests below 0,17. Unflyable at
Nz 83° 0.12 0,69 show instabllity at the stall 11ft coeffiocients above 0.20
A - 0017 to
| RIon | ok
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(a) Model 8.

(b) Model 4.

Figure 11.- Delta-wing models flying in the Langley free-flight tunnel.
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